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and Linda M. Harris, MD, Buffalo, NY
Objective: The new millennium has seen an increase in vascular residency vacancies. The American Board of Vascular
Surgery recently proposed new training paradigms, but their impact on recruitment remains unknown. We surveyed
vascular fellows regarding factors and timing of career decisions to determine an optimal strategy for recruitment.
Methods: Surveys were sent electronically to vascular residents for completion. Data were analyzed using SPSS software.
Additional data were obtained from the National Resident Matching Program.
Results: Of the 90 fellows that responded, 84% committed to vascular surgery during residency. Of these, 18% decided
during postgraduate year 1, 54% by year 2, 84% by year three, and 95% by year 4. Sixteen percent of all trainees decided
in medical school. Seventy-three percent of residents performed a minimum of 20 to 50 cases before reaching a decision.
Among the group deciding between years 2 to 4 of residency, there was a significant difference in the number of vascular
rotations before career commitment (P  .0001). In the 2004 Match, 21% of vascular residency positions were unfilled,
up from 12% in 2003, 9% in 2002, and 4% in 2001.
Conclusions: Leaders in the field of vascular surgery have proposed focused training through the new paradigms. The
incline in unmatched vascular residency positions over the past 4 years highlights the importance of a strategic plan to
optimize recruitment. Few current trainees decided early in training about career choice, and volume appears critical to
the decision process. Utilizing the current matching system (an 18-month process) and without any proactive change in
recruitment, an integrated program after medical school would be reasonable for only 16% of applicants, or the 33
option for 54% of residents. For the new paradigms to be successful and to prevent more unfilled positions, increased
medical student integration into vascular rotations and early active exposure to endovascular and open procedures during
general surgical training will be necessary across the country. (J Vasc Surg 2006;44:145-50.)The newmillennium has seen an increase in vacancies in
vascular surgery residency positions. During 2004, the
Vascular Surgery FellowshipMatch had a record number of
unfilled positions, and the 2005 Match results duplicated
the 2004 Match. This was in part due to the expansion
of the number of training positions available, which de-
creased the ratio of available candidates per position. In
1997 there was a 35% surplus of candidates; in contrast,
during 2004, there was a 10% surplus in vascular fellowship
positions available.1 In 2005, there was again an 8% surplus
of positions. The number of active applicants increased only
slightly over this same period of time (124 applicants in
1997 vs 110 in 2005). Calligaro et al2 cited lifestyle con-
cerns and potential loss of patients to other interventional-
ists as reasons among medical students and general surgery
chief residents for not choosing vascular surgery as a career
path.2
The anticipated shortage of surgical care providers for
patients with vascular disease could prove to be challenging
for vascular surgery over the next decade.3 Attracting suf-
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Consequently, leaders within vascular surgery have a
difficult task. They must grow the profession at a critical
juncture in which our identity is changing with the
evolving technology, ownership within the endovascular
sphere is not well established, and alterations in training are
necessary to prepare the new vascular specialist for the
future.
The Vascular Surgery Board of the American Board of
Surgeons is currently working on training paradigms to
address the necessary preparation required for specialty
practice. The new paradigms include an integrated track
after medical school, transfer to vascular training after the
third year of surgery residency (3  3), early placement
after the fourth year of residency (4  2), and the tradi-
tional entrance after the fifth year of residency. Although
it is evident that a strategic plan to optimize recruitment is
crucial, the impact of the new paradigms upon recruitment
remains unknown. We evaluated current vascular residents
to determine the factors and timing of their decision pro-
cess to enter vascular surgery to help determine the impact
of the recently approved paradigms on future recruitment.
METHODS
Surveys were distributed by electronic mail to vascular
surgery program directors accredited by the Accreditation
Council for Graduate Medical Education. Ninety-one pro-
grams were contacted. Requests for completion of the
web-based questionnaire were forwarded by the program
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grams. The request was repeated three times in an effort to
increase responses.
The survey consisted of 16 questions related to vascular
career decisions and experiences during residency. Ques-
tions addressed the value of numeric caseloads and vascular
rotations, the development of operative skills in relation-
ship to years of residency training, and attractants that
impacted career decision and place of fellowship. Personal
identifiers were removed, and responses were entered into a
database. Numeric data were analyzed with 2 tests and
analysis of variance with SPSS software (SPSS, Inc, Chi-
cago, Ill). Significance was assigned at P  .05.
Match results statistics for vascular surgery fellowship
appointment years 1997 through 2005 were obtained from
the National Resident Matching Program.
RESULTS
Responses were received from 90 of 110 fellows con-
tacted, for a response rate of 82%. Of fellows from 2004,
16% decided on a career in vascular surgery in medical
school, and 84% committed to vascular surgery during
general surgery residency (Fig 1). Of these 84%, 18% de-
cided during postgraduate year 1, 54% by year 2, 84% by
year 3, and 95% during year 4.
During residency, 73% of fellows performed a mini-
mum of 20 to 50 cases during residency before reaching
a decision (24% performed 50 to 100 cases). Among the
group committing between postgraduate years 2
through 4 of residency, there was a significant difference
in the number of vascular rotations (P  .0001). How-
ever, there was no significant difference in case volume at
time of decision. A certain number of cases must be
performed before a definite career decision is made. This
suggests different acquisition of cases per rotation from
different institutions.
Although one third of fellows made a career decision
during medical school or as a junior resident early in
training, most preferred to complete their general surgery
residency. When asked to describe the operative experience
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Fig 1. Year of career choice. PGY, Postgraduate year.during the last year of residency, 43% thought it wasimportant for surgical development, 37% claimed it was
invaluable, and only 20% would have preferred to start
fellowship rather than gain more operative experience dur-
ing residency.
Practice plans after fellowship completion amongst cur-
rent fellows were entrance into private practice (24%),
full-time academics (27%), or private practice with affilia-
tion with a residency (17%). At the time of polling, 32%
were still undecided about career plans.
Treatment with endovascular procedures was an at-
tractant to the specialty for 97% of fellows and a deterrent
for only 3%. An interest in participating in research during
training was expressed by 51% of current vascular residents
expressed, of whom 34% desired clinical and 16% desired
basic science research.
According to the National Resident Matching Pro-
gram (NRMP), there were 124 active applicants for 86
active positions in 1997,4 100 active applicants for 110
active positions in 2004, and 110 applicants for 117
positions in 2005 (Fig 2). In the 2004 and 2005 match,
21% of vascular residency positions were unfilled, up
from 12% in 2003, 9% in 2002, and 4% in 2001 (Fig 3).
Upon further review, 57 programs (63%) have not expe-
rienced difficulty in the match from 2001 through 2004,
while eight programs (9%) account for the vacancies
occurring over multiple years. An additional 25 pro-
grams (28%) have had difficulty matching in a single
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In the 2004 and 2005 Vascular Fellowship Match,
the number of fellowship positions filled was at a record
low, with 21% of positions not filling each year, increased
from 4% of positions in 2001 (Fig 3). Most “unfilled”
positions in the match are subsequently filled by individ-
uals who make a late decision. Over the last 9 years, the
number of fellowship positions has increased. Although
many fellowship programs have not experienced diffi-
culty, approximately one third of all programs have failed
to match at least once in the last 5 years. With the
exception of a very small number of programs, the failure
to match relates to the size ratio of the applicant pool vs
the number of available programs rather than any pro-
gram-related factors. Still, many quality programs have
or will experience recruitment difficulty if the current
problems are not addressed.
Revision of current training is necessary to prepare
the future vascular specialist to manage the medical care
of the vascular patient, be knowledgeable in noninvasive
diagnostic laboratory studies, and acquire proficiency in
both conventional and endovascular techniques. The
effect of the new training paradigms on recruitment to
the specialty is unknown, however.
Early entrance from medical school or after the third
year of residency would enable basic general surgery
training, but exclude complex general surgical proce-
dures performed in the fourth and fifth year by those
seeking general surgery certification. Integrated pro-
grams would be advantageous, because the vascular di-
rector would have more control of rotations during the
first 3 years; however, programs may experience prob-
lems with attrition due to lack of adequate exposure
during medical school. With the 3  3 or 4  2 option,
programs will receive a “less trained” applicant. Less
trained implies less experience than an applicant compet-
ing 5 years of residency.
More variability in experience is likely, with some train-
ing programs prioritizing more case exposure early and
others providing more cases during the fourth and fifth
years. Less exposure to major abdominal and thoracic pro-
cedures will occur, complicating teaching of complex open
vascular cases. Gaps will also occur in general surgical
programs as applicants leave for the 3  3 program, possi-
bly creating a further schism between vascular and general
surgery. The 4  2 or 5  3 (2) option awards the general
surgery certificate, which may be a consideration for some
applicants desiring to practice general surgery upon com-
pletion of the vascular fellowship.
Upon completion of training, 24% of respondents de-
sire to enter private practice, and 32%were undecided at the
time of the survey. Currently, many in private practice need
to cover general surgery call or substitute caseload with
general cases when starting a practice in the community.
This is likely to change once graduates from the new
training paradigms are in practice. However, any paradigm
that completely eliminates the general surgery certificatemay deter potential candidates who enjoy general surgery
and plan to practice both general and vascular surgery. On
the other hand, the complex new endovascular procedures
and interventionsmay eliminate the possibility of practicing
both general and vascular surgery. Many general surgeons
are not trained to perform endovascular procedures such as
aortic stent-grafts or carotid stenting. These less-invasive
procedures are replacing many of the traditional open
operations for vascular disease.
Many vascular residencies include time for research, yet
only 50% of fellows are interested in research, and even less
show an interest in basic science research. Further, only
27% of current fellows plan on an academic career. With the
changes in length of training, consideration should be
given to the amount of time spent in dedicated research.
The vascular training components of the new para-
digms are currently being defined, but would likely include
vascular ultrasound, vascular medicine, catheter based pro-
cedures, and traditional open vascular surgery.5 This would
fulfill educational goals to keep pace with the rapid expan-
sion of knowledge and techniques within the field.
Plastic surgery trainingmost closely mirrors the plan for
application processes during medical school, third, fourth,
and last year of residency. Despite little exposure in medical
schools, the plastic surgery specialty has never suffered from
lack of an abundance of candidates. The San Francisco
Match Program, the universal plastic surgery match pro-
gram for applicants with 3 years of residency training,
reports that 66% of candidates match and 97% to 98% of
programs fill.6 However, programs have a strong prefer-
ence for matching applicants with 5 years of general
surgery residency experience. In addition, theNRMPoffers
approximately 75 positions to medical students for an
integrated plastic surgery program. When the two matches
are combined, approximately 50% of applicants complete 5
years of residency. The success of plastic surgery programs
with multiple entry points is consistently 97% to 98% per
year.
Although one third of current vascular fellows made a
career decision early in training, 59% of current trainees do
not favor a shortened training. With this being a retrospec-
tive study, and people tending to favor continuing a pattern
of training similar to that which they have undergone, it is
difficult to predict what current students may desire. People
that are currently in practice are from the Baby Boom era,
and medical students now are from Generation X and have
significantly different ideas about the role of career vs
family. Current residents in the younger generation em-
brace the work hour limitations. If they were required to
make a decision earlier and less general surgery training was
required, it is possible that many would embrace the short-
ened path to a vascular career. Because our survey covered
a narrow demographic group and did not include students,
we can only speculate what the future medical student
would desire for training options.
A different paradigm of training may be better able to
recruit women. In a recent survey of surgical residents,
womenweremore concerned thanmen about childrearing,
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leave, and promotional advancement.7 Lifestyle is valued
by both sexes of Generation X, which makes this is an
important issue for surgery to address. Currently, the sur-
gical lifestyle is viewed as difficult to reconcile with family
life. Schwartz8 noted in the late 1980s that medical stu-
dents with academic standings in the top 15% were choos-
ing specialties with controllable lifestyles, such as emer-
gency medicine, dermatology, anesthesiology, radiology,
neurology, ophthalmology, pathology, and psychiatry.
This shift would suggest that integrated programs may be
more competitive for students than the traditional train-
ing programs. This may be especially true if students realize
that the vascular surgeon can also have a controllable
lifestyle.
A critical factor for attracting future applicants may be
better “definition of the specialty.” Currently, the identity
of the specialty is in flux as change occurs from a conven-
tional surgical subspecialty to a hybrid of surgery, medicine,
and interventional procedures. As more vascular surgeons
incorporate endovascular techniques into their practice,
potential candidates will have fewer concerns about poten-
tial loss of patients to other specialists such as cardiologists,
interventional radiologists, and neurosurgeons.9-11
The evolution of the endovascular specialty has rede-
fined vascular surgery and is having an increasing role in the
training of vascular surgery fellows.12 Ninety-seven percent
of current fellows reported that endovascular surgery was
an attractive feature rather than a deterrent. Recruitment of
general surgery residents may become more difficult, be-
cause a larger percentage of our procedures are not consid-
ered index cases for general surgery residents and exposure
to vascular surgeons and vascular patients decreases. Gen-
eral surgery program directors are trying to meet index case
loads while working within the constraints of the 80-hour
workweek, limiting non-index case coverage.
Vascular case volumewas critical to the decision process
among current fellows making their decision during resi-
dency. Before reaching a career decision, 73% of residents
performed a minimum of 20 to 50 cases, whereas 24% had
performed 50 to 100 cases. Among fellows who made a
career decision between their second and fourth year of
residency, there was a significant difference in the number
of vascular rotations (P  .0001), but not in case volume.
This implies that a critical minimum number of cases inde-
pendent of the number of rotations were needed prior to
decision. Most made a decision after being exposed to at
least 20 to 50 cases, regardless of the number of rotations.
The volume of cases and length of time per rotation pro-
vided by residency programs is inconsistent cross the
United States.
Early exposure alone may not be the key issue, but
rather the quality of the encounter. Many in our survey
cited a positive role model as an attractant to the specialty.
Calligaro et al2 have also cited the importance of mentor-
ing. This is becoming more of an issue as many medical
schools are shortening the third-year surgical rotation and
the subspecialties are changed to a fourth-year elective.2Polk13 reported nearly a 30% decline in obligatory rotations
on the surgical specialties during the third and fourth years
of medical school, and vascular surgery traditionally has not
been a third year elective. In conjunction with work-hour
restrictions and shorter rotations, contact time with train-
ees is likely to decrease, making positive mentorship expe-
riences problematic.
CONCLUSION
To enable the new paradigms to fill and be functional,
a concentrated effort by program directors and division
chiefs to facilitate third-year student exposure to vascular
surgery is mandatory. Stepwise integration of the new
paradigms for early admission is necessary to avoid unfilled
spots as programs embrace the new paradigms. Program
directors need to continue an ongoing survey of students to
determine the ability to increase the number of early train-
ing positions. Vascular surgery program directors should
work with general surgery program directors to provide a
well-mentored, hands-on experience for surgical trainees to
give them a positive impression of vascular surgery early in
their training.
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Dr K. Craig Kent (New York, New York). Pamela, that was
fabulous and certainly the pep talk we all need. I would like to
translate the conceptual ideas you have presented into practical
solutions.
We need to reach out to the medical students. We need to
stimulate them. But how do we accomplish this? Most of the
medical students, even when they rotate on surgical services, don’t
rotate on vascular surgery. So we really have no exposure to them
whatsoever.
Even for the junior residents, with the exception of perhaps
some of the endovascular techniques, many of our procedures are
fairly complicated and not first-, second- and third-year resident
cases. These are problems that, I think, plague all of us at our
individual institutions. How do we get beyond these to accomplish
what you’ve suggested?
Dr Pamela M. Zimmerman. This is a very important issue, as
medical students are now spending less and less time on the
surgical services. And even whenever they are on vascular surgery,
most of the time it is only for 2 or 3 days during the rotation. This
is an issue we can change if we can get medical students more
involved in the vascular surgery service. And this really has to be
addressed on a local level within the medical schools, and we need
to work with deans and get more medical students on the rota-
tions. This is actually something that we are working on at our
institution, to try to get more time spent on the service, and we are
also currently surveying medical school deans to see if they’d be
willing to incorporate this into their programs.
Dr Keith Calligaro (Philadelphia, Penn). I applaud your
efforts in following up with the survey that we performed at the
request of the program directors that we presented at the SVS a
year ago. I have two questions for you.
One, please tell me again the percentage of residents who
would have decided retrospectively to go into vascular surgery by
the middle of their second year. If I am calculating correctly, that’s
when they would have to choose a 3-plus-3 paradigm. And if I
remember your percentages correctly, I believe it was probably
only about maybe 20% of the residents who have decided by then.
That means we are in a lot of trouble if we want to encourage
people to choose the 3-plus-3 training paradigm.
You showed that the number of rotations that medical stu-
dents or junior residents had in vascular surgery seemed to corre-
late with their choice of choosing vascular surgery. But were there
any questions directed at the residents asking them about the
quality of those rotations? In the survey we held, the results showed
that a bad rotation in vascular correlates as well with not choosing
vascular as a good rotation correlated with choosing vascular
surgery.
Dr Zimmerman. For the first question, how many people
would be qualified for each of the new tracks under the new
training paradigms, we used an 18-month match process, which is
currently in use. Retrospectively, 16% of the 90 applicants that
responded would have been qualified, or they would have been
potential applicants for the integrated or medical school track. So
16% made a decision in time to apply for that program if they
desired an early fellowship training or early entrance into the
program.
Looking at application time during the middle of the second
year, the number that would qualify for the 3-plus-3 would be
31%, but that is also including the 16% that would be potentialThe second question was asked about the quality, and it was
not necessarily a direct question. But we did look at the case
volume that was performed in relationship to the number of
rotations. And as I had mentioned in the presentation, there were
some people who would perform a rotation every year, but it
wasn’t until they actually had hands-on involvement in the cases
before they would make their decision. There were people that
were operating from their internship, that right away decided they
wanted to be a vascular surgeon; but there were some people that
didn’t decide until the end of residency. Now, this could be
because they were actually participating more in the cases later in
residency or it could be because of procrastination, as many of us
would procrastinate and not make a decision until late.
Dr John Ricotta (Stony Brook, NY). I want to just follow up
on the operative experience issue. You know, medical students
choose urology, neurosurgery, and ENT, with no operative expe-
rience. One of the things I’d like to see you either speculate on
now, or perhaps focus on in the future, is how do we promote our
specialty, other than the technical joy of doing the operation,
which is why most of us got into it. If we go to these new
paradigms, we are not going to be able to let people do aneurysms
and fem-pops and carotids before they make their decisions. So I’d
be interested in your thoughts as to how we promote our specialty
in similar ways that the other specialties are promoting.
Then the second question I have is, in talking to some inter-
ventional radiologists, among the myriad of issues that they have
now, one is the radiation issue. At least some of them tell me that
they feel part of the reason that they are not getting female
interventionalists is the concern over radiation. I wonder if you
would comment on that.
Dr Zimmerman. That is a very good question about how to
promote the specialty. This is actually something that we have
thought about and I am not sure that we have a good answer.
Whenever someone decides they want to be a plastic surgeon,
they’ve decided before they go to medical school. They’ve already
been exposed to the specialty through themedia. They are aware of
what the plastic surgeon does and they think that the plastic
surgeon has a great lifestyle. If you ask the general medical student
what a vascular surgeon does, they think that we operate on the
heart or that we do venous procedures.
So this is where we need, I think, global education of what we
really do. And it is hard to know the best way to really promote this,
but we need to get the word out of what defines a vascular surgeon
and our specialty. The one place that we can start is with the
medical students.
Radiation is an issue for everybody. I know that some women
don’t like the issue of radiation. But as I was going through
residency, there were also many men that did not want to be
exposed to the radiation either. This is a difficult issue, because
people are exposed to different amounts of radiation. Some of us
perform cases in the operating room and some perform cases in the
angiography suite. Our environment determines the amount of
radiation we are getting exposed to. I am not sure what the best
answer is to that because I think everyone is concerned about
radiation exposure. Nobody wants to expose themselves to any
unnecessary radiation.
Dr David Campbell (Boston, Mass). We haven’t had so
much trouble attracting people into vascular surgery as we have
attracting medical students into surgery in general. Harvard Med-
ical School students talk about the ROAD to success: radiology,
ophthalmology, anesthesia, and dermatology. And 60% of our
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get up in the morning and how many hours they have to work. Is
this something unique to us, or are you seeing this too?
Dr Zimmerman. Actually, this is something that we are
seeing globally, because medical students now prefer shorter train-
ing periods. Generation X, the current medical students, are really
concentrating on lifestyle, and we do see an increase in anesthesi-
ology; we see an increase in emergency medicine.
One way that we can really promote vascular surgery as an
attractive lifestyle is through the endovascular procedures. The
procedures are shorter and the patients stay in the hospital longer.
There is more to vascular surgery than just an open operation.
There is also the venous aspect. The endovascular aspect helps us to
show that there is more to vascular surgery than just performing an
operation.
Dr Julie Ann Freischlag (Baltimore, Md). When I ask my
residents why don’t they want to be a vascular surgeon, they tell me
that if we had let them do procedures when they were a first- orsecond-year resident, instead of just holding the wire way beyond
the table, theymay have chosen to do that. How do you propose to
get younger residents into the operating room and doing part of
these endo procedures, so we do get them to develop passion for
the sport?
Dr Zimmerman. That is very interesting, because we actually
see the opposite at our institution. The senior residents and the
fourth year residents that have already decided on something else
do not want to go into the angiography suite or they don’t want to
do the interventional procedures. The first year and the second year
residents come in and they really like to do the procedures.
Whenever they are there, they like to get actively involved. I think
the key is to keep these people actively involved and keep their
interest. Because we are seeing the interns, they are getting ex-
posed earlier, whereas before, the initial exposure was not until the
fourth year. I think the key here is once the first year and the second
year resident is in the angiography suite with you, continue their
interest in the specialty.
